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SUMMARY OF GEOLOGY
The strata exposed in the Vanson Peak quadrangle are part of a thick section of middle Tertiary subaerial volcanic rocks that underlies the Mount St. Helens area (Evarts and others, 1987) . This section strikes approximately north-south and dips eastward at low to moderate angles, forming the gentle western limb of a major regional syncline whose axis lies about 15 km to the east (Walsh and others, 1987; Swanson, 1989) . The strata are lithologically heterogeneous and stratigraphically complex. Distinctive marker units are absent, and, although unconformities have been recognized, their regional significance is unknown; therefore, construction ·of a formal stratigraphic framework was not attempted, and only lithologic or local informal units are shown on this map.
The most valuable data for regional correlation are the isotopic age determinations (table 1) . Data from this and adjacent areas (Phillips and others, 1986; Evarts and others,in press) indicate that most of the volcanic rocks in the Vanson Peak quadrangle erupted during Oligocene time. Multiple age determinations indicate that the strata in the western part of the quadrangle that underlie the basalt of Goat Creek (T gc) were deposited between 33 Ma and 27 Ma (Evarts and others, in press ). The basalt of Goat Creek is approximately 25 Ma based on K-Ar and 40Arf39Ar determinations from outcrops north of the Cowlitz River (table 1) . 40Arf39Ar analyses from the adjacent Cowlitz Falls quadrangle (Evarts and Ashley, 1993a) indicate that the age of the flat-lying section east of Goat Creek is about 24 Ma to 23 Ma, and thus extends into earliest Miocene time.
Many of the rocks of the quadrangle appear to represent near-source depositional environments characterized by abundant lava flows, pumiceous pyroclastic rocks, coarse-grained epiclastic deposits, fine-grained subvolcanic intrusions, and zones of hydrothermal alteration (Cas and Wright, 1987; Smith, in press ). Remnants of a large Oligocene mafic volcano are preserved as the basalt of Goat Creek. The eroded center of this volcano is exposed in Goat Creek, where mafic flows, flow-breccia, and agglomerate (volcanic bomb) beds cut by abundant basaltic feeder dikes, gabbro plugs, and associated zones of hydrothermal alteration. The hills north of the Cowlitz River consist of thick sections of basaltic flows that formed the original flanks of the volcano. In the valley of Goat Creek, hydrothermally altered and dike-ridden rock of the volcanic core is ·unconformably overlain by flat-lying unaltered strata free of dikes, suggesting deep erosion of the edifice prior to deposition of the overlying strata. However, analytically indistinguishable radiometric ages of 25 Ma from the basalt of Goat Creek and an overlying andesite flow indicate that this unconformity developed during a relatively short time, probably no more than a million years.· The summit of Vanson Peak is underlain by a stack of porphyritic two-pyroxene andesite flows possibly derived from an andesitic cone similar to the Miocene Tieton volcano southeast of Mount .Rainier described by Swanson (1966) . Epiclastic rocks in the quadrangle are predominantly coarse conglomerate and breccia that probably filled valleys on and adjacent to the lower flanks of Tertiary volcanoes.
Chemical analyses (table 2) show that the quadrangle contains a variety of volcanic rocks, but that basalt (less than 52 weight percent Si0 2 ) and basaltic andesite (between 52 and 57 weight percent Si0 2 ) are dominant (I.U.G.S. nomenclature of Le Bas and Streckeisen, 1991;  see fig. 1 ). More than half of the samples are classified as calc-alkaline on the AFM plot ( fig. 2 ) of Irvine and Baragar (1971) whereas most are tholeiitic according to the FeO*/MgO versus Si0 2 plot ( fig. 3) of Miyashiro (1974) . The Tertiary rocks tend to be lower in K 2 0 than Quaternary volcanic rocks of equi-valent Si0 2 contents in southern Washington (fig. 4) . ·
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I-:I: Condie and Swenson (1973) , Hildreth and Fierstein (1985) , and Smith and Leeman (1987) .
A general westward coarsening of textures in the Spirit Lake pluton (informal name) suggests that it has been tilted to the east along with its host rocks, so folding of the Tertiary section must postdate crystallization of the pluton at 21 Ma (Evarts and others, 1987) . The age of folding is otherwise poorly constrained, and folding may have taken place over an extended period (Evarts and others, 1987) .
Faults and shear zones are scarce. Those that have been observed are subvertical and typically exhibit offsets of only a few meters. Generally, the rocks on both sides of faults are identical and the sense of offset cannot be determined. Most faults are flanked by zones of hydrothermally altered rocks. Many of the faults are probably 3 relatively old and may represent local small-scale adjustments to movements of magma within Tertiary volcanic centers rather than responses to regional tectonic stresses.
SPIRIT LAKE PLUTON
The Spirit Lake pluton is one of several large, epizonal, multiphase, granitic intrusions of Miocene age in the Washington Cascade Range (Fiske and others, 1963; Tabor and Crowder, 1969; Hammond, 1979; Evarts and others, 1987) . It underlies an area of about 120 km2, most of which lies east and south of the Vanson Peak quadrangle (Evarts and Ashley, 1993a, b, c) . The pluton consists of three phases, all of which have yielded radiometric ages betWeen 20 and 23 Ma. In the upper reaches of Goat Creek, the quartz diorite phase (Tsqd) forms a complex· of altered porphyritic dikes and sills separated by screens of black recrystallized volcanic rocks. Field relations suggest that this is the oldest part of the pluton. This inference is supported by a 23.2-Ma K-Ar age for hydrothermal alteration which overprints the quartz diorite phase but not the main or granite phases. The slightly younger fission-track age of 22.0±0.6 Ma obtained from a quartz diorite in Goat Creek (table 1) is believed to reflect reheating during emplacement of the main phase and consequent partial annealing of tracks. The coarser grained and more massive main phase (Tsm), which is texturally and modally variable but has an average composition of granodiorite, constitutes most of the pluton. The granite phase (Tsgr) crops out chiefly near the top of the pluton in the Cowlitz Falls and Spirit Lake East quadrangles to the east and southeast (Evarts and Ashley, 1993a, b) .
METAMORPHISM
Tertiary volcanic and intrusive rocks throughout the southern Washington Cascade Range have been overprinted by zeolite-facies burial metamorphism (Fiske and others, 1963; Wise, 1970; Hammond, 1980) . Volcanic glass is nearly everywhere replaced by ironbearing smectites that give the rocks their characteristic green colors. Olivine phenocrysts are generally replaced by clots of limonite+smectite, microcrystalline quartz, and (or) carbonate. Orthopyroxene is commonly converted to smectite+titanite, but clinopyroxene typically remains fresh. Recrystallization of plagioclase is more variable both in extent and mineralogy; partial replacement by albite, calcite, laumontite, stilbite, and various clay minerals is widespread.
A contact-metamorphic aureole extends as far as 4 km beyond the Spirit Lake pluton. Despite thorough mineralogic reconstitution, primary macroscopic textures are commonly well preserved and permit identification of protoliths. The aureole can readily be subdivided in the field into an inner zone of black, flinty, aphanitic amphibole-bearing hornfels and an outer zone of green epidote-bearing hornfels (see sketch map).
HYDROTHERMAL ALTERATION AND MINERALIZATION
The effects of hydrothermal alteration and mineralization directly related to volcanism or to later plutonic activity are present throughout the Vanson Peak quadrangle. The most conspicuous type of alteration in the volcanic and sedimentary rocks consists of local areas (<1 km2) that contain erratically distributed bleached limonitic rocks. These altered areas tend to occur chiefly along faults, shear zones, and dikes; in detail, the alteration was controlled by fractures and permeable clastic beds, and some unaltered rock remains within the areas of hydrothermal alteration shown on this map. Primary igneous minerals in the altered rocks have been totally replaced by carbonate+clay assemblages composed of some combination of kaolinite, montmorillonite, illite, calcite, siderite, dolomite, ankerite, quartz, and limonite.
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The distribution and mineralogy of these intensely altered areas suggest that they are products of low-temperature, shallow-level, acidic geothermal systems penecontemporaneous with Tertiary volcanism.
Pervasive silicification and argillic to advanced argillic alteration are found inand adjacent to the Spirit Lake pluton along the east. edge of the quadrangle, contiguous with a much larger altered area in the Cowlitz Falls quadrangle to the east (Evarts and Ashley, 1993a) . The altered rocks range in appearance from dense and massive to brecciated to porous; most are white or pale gray, but orange to brown limonite is common along fractures. They have been intensely leached by acidic solutions that destroyed most primary textures and produced assemblages of fine-grained quartz, pyrophyllite or sericite, limonite, rutile, and minor local andalusite, alunite, diaspore, and topaz(?). Pyrite is generally absent from outcrops of these rocks but its former presence is indicated by bright-red limonite that forms surficial crusts and cements modern gravels in streams draining this area. The iron in this limonite is probably being liberated by oxidation of abundant sulfides in the shallow subsurface. The intense alteration obscures the protolith, but vague porphyritic textures suggest volcanic or quartz diorite phase (Tsqd) precursors. A K-Ar age of 23.2±0.4 Ma was determined on alunite collected from the altered area in the Cowlitz Falls quadrangle (Evarts and Ashley, 1993a 
